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Objectives: The aim of this study was to assess efficacy of transfemoral endovascular neurysm management (TEAM) 
during mid-term follow-up. 
Design: Prospective multicentre study. 
Materials and Methods: In 26 patients treated by a Tube Endograft, the pre- and postoperative contrast enhanced 
computed tomography (CT) images were reviewed in a blinded fashion. Aortic diameters were measured at the coeliac 
trunk, the inferior and superior aneurysm neck and the level of the maximal aneurysm size. The changes in diameter 
were related to the presence or absence of an endoleak. 
Results: The median follow-up was 12 months. In 10 patients an endoleak was found. Three ndoleaks sealed spontaneously 
within 30 days after operation. All aneurysms with persistent endoleaks expanded, at a median rate of 0.30 mm per 
month. Four patients were converted between 9 and 14 months after TEAM. Aneurysms excluded by the endoprosthesis 
showed a median shrinkage of 0.41 mm per month. The inferior aneurysm neck demonstrated significant growth during 
follow-up, unrelated to endoleaks. 
Conclusions: This study demonstrated the efficacy of TEAM in discontinuing the process of aneurysm expansion. 
Complete seal of the aneurysm sac after TEAM leads to shrinkage or arrest of growth of the aneurysm, while persistent 
endoleak is associated with progressive expansion. 
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Introduction 
Since the introduction of endovascular repair of ab- 
dominal aneurysms by Parodi in 1991,1 numerous 
institutes have reported on the feasibility of this tech- 
nique using various types of stent/graft combinations. 
The initial success rate of six series, each exceeding 25 
patients, varied from 81 to 100%. 2-7 The low peri- 
operative mortality reported in these studies justifies 
continued clinical trials (median 3.1%, range 0-8%). 
However, several essential questions on the efficacy of 
* To whom correspondence should be addressed. 
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Vascular Surgery in Venice on 12 September. 
transfemoral endovascular aneurysm management 
(TEAM) remain unanswered. The sealing of the an- 
eurysm sac and the long-term durability of fixation of 
the endoprosthesis to the aortic and iliac wall are 
unknown. Side branches may remain patent, and their 
effect on aneurysm size and chance of rupture has not 
been established. The ultimate goal of TEAM is to 
prevent aneurysm rupture, but to prove this long- 
term follow-up is required. For now, successful TEAM 
may be defined as complete xclusion of the aneurysm 
sac, as demonstrated by the absence of endoleak and 
shrinkage or arrest of growth of the aneurysm. The 
aim of this study was to investigate the efficacy of 
TEAM by measuring changes in the aneurysm size, 
with special interest in the relation between these 
changes and the presence or absence of an endoleak. 
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Table 1. International thai on the second generation Tube En- 
dograft: centres involved and number of patients treated. 
Centre No. of patients 
Karolinska Hospital, Stockholm 
Leicester Royal Infirmary 
University Hospital, Oxford 
University Hospital, Sydney 
University Hospital, Utrecht 
3 
7 
3 
10 
10 
Patients and Methods 
From September 1993 to December 1994, 33 patients 
were treated under a prospective, Federal Drug Ad- 
ministration (FDA) mandated protocol with a second 
generation Tube Endograft® (EVT Inc., Menlo Park, 
CA, U.S.A.), as part of a multicentre study (Table 1). 
The implantation technique and early results of TEAM 
of this patient group have been published elsewhere. 5 
After implantation of the endoprosthesis, all patients 
were subjected to a follow-up regimen. This consisted 
of routine laboratory investigations, physical ex- 
amination, bilateral ankle brachial indices, abdominal 
duplex ultrasonography, contrast-enhanced computed 
tomography (CT) scanning and four view abdominal 
X-rays at discharge, 6weeks, 6 months and 12 months 
and annually thereafter. 
Preoperative, postoperative, and follow-up CT im- 
ages were reviewed, measuring changes in the dia- 
meter of the abdominal aorta at various levels. Patients 
were excluded from this study if contrast-enhanced 
pre- and postoperative CT images and follow-up CT 
images for at least 6 months were not available. 
Twenty-six of 33 patients could be included (23 male, 
three female: median age 68 years, range 51-86 years). 
All postoperative CT scans were performed within 3 
days after operation. The 6 months, 1- and 2-year 
follow-up scans were available in 22, 21 and five 
patients, respectively. The median follow-up was 12 
months (range 6-24 months). 
For objective comparison, corresponding levels on 
pre- and postoperative images of the aorta at the level 
of the coeliac trunk, the superior and inferior aneurysm 
neck, and the level of maximal aneurysm size were 
marked. On the preoperative images, the first slice 
distal to the renal arteries and the last slice with a 
circular appearance proximal to the aortic bifurcation 
were selected. The distance between the coeliac trunk 
and the level of maximal aneurysm diameter was 
noted. On the postoperative images, the first slice 
showing at least half of the circumference of the prox- 
imal attachment system and the last slice showing at 
least half of the distal attachment system were selected 
for measurement. The level of maximum aneurysm 
size was determined by selecting the slice at the cor- 
responding distance from the coeliac trunk, compared 
to the preoperative scan. The marked images were 
subsequently scanned on a VXR-8 scanner (Vidar Sys- 
tems Corporation, Herndon, VA, U.S.A.). To enable 
blinded measurement, all details on patient iden- 
tification were removed and the images were labelled 
with a random number. The outer aortic diameter was 
measured using a suitable software application for 
computerised planimetry (UTHSCSA Image Tool ver- 
sion 1.23). The minimal outer aortic diameters were 
registrated at all levels to minimise the effects of 
oblique projection of the aorta on axial CT slices. In 
patients with more than one follow-up scan available, 
interval size changes were expressed as a proportion 
of the overall size change. 
The measurements were correlated with the out- 
come of endovascular aneurysm repair, utilising the 
study database developed for FDA appraisal of 
patients' outcomes. Information on temporary and 
persistent endoleaks and clinical events related to the 
procedure was obtained from the case report forms. 
These included copies from radiology reports on all 
CT scans, ultrasonography and abdominal X-rays. 
An endoleak was defined as the presence of blood 
flow outside the endoprosthesis but inside the aortic 
wall. Endoleaks were diagnosed by contrast-enhanced 
CT scanning or duplex ultrasonography. Patients were 
divided into a group with persistent endoleaks (en- 
doleak group) and a group with immediate post- 
operative exclusion of the sac or with temporary 
endoleaks that sealed without interference within 30 
days after implantation (sealed group). 
Changes in aortic diameters were defined as "peri- 
operative" when comparing the preoperative and post- 
operative scans, or as "follow-up" when comparing 
postoperative scans with the last available scans. 
One hundred images at the level of the maximal 
aneurysm diameter, at the level of the coeliac trunk, 
and the superior and inferior neck were measured 
twice in a random order to define intra-observer vari- 
ability. 
The Wilcoxon test was used to assess ignificance 
of perioperative and follow-up diameter changes. Non- 
paired comparison of differences in aortic diameters 
between the endoleak and the sealed group was per- 
formed using the Mann-Whitney test. The distribution 
of size changes in the endoleak and the sealed groups 
was evaluated with a Chi-squared test. Diameters are 
expressed as median values (range). A value of p<0.05 
was considered statistically significant. 
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Table 2. Outcome of patients with persistent endoleak. 
Case Presence of Outcome 
endoleak 
A Proximal; 
postoperative 
B Proximal; 
postoperative 
C Proximal; 
postoperative 
D Proximal; 
postoperative 
E Proximal; 
postoperative 
F Distal; 
postoperative 
G Distal; 
postoperative 
H Distal; 
postoperative 
I Distal; diagnosed at 
10 months 
J Distal; diagnosed at 
6 months 
Endoleak sealed within 30 days; 
no further growth 
Endoleak sealed within 30 days; 
shrinking aneurysm 
Endoleak sealed within 30 days; 
shrinking aneurysm 
Growing aneurysm, migration 
proximal attachment system; 
conversion at 9 months 
Growing aneurysm; conversion 
at 14 months 
Growing aneurysm; conversion 
at 12 months 
Growing aneurysm; under 
observation 
Growing aneurysm; under 
observation 
Growing aneurysm; conversion 
at 13 months 
Growing aneurysm igration 
distal attachment system, under 
observation, poor general 
condition 
Results 
Clinical outcome 
During the 30-day postoperative period, one patient 
was converted to transabdominal neurysm repair. 
There was one procedure-related death (mortality rate 
3.2%). 5 During follow-up, another six patients died at 
a median interval of 7 months after operation due to 
respiratory insufficiency (n = 2), pancreatic carcinoma, 
oesophageal rupture, myocardial infarction and stroke. 
A total of 10 endoleaks was discovered (10/26; 38%). 
Endoleaks originated from the proximal and distal 
attachment systems in five patients each (Table 2). In 
eight patients the endoleaks were discovered intra- 
operatively by arteriography (n=3) and/or  at the 
discharge CTA scan (n = 8). Two late endoleaks, both 
of distal origin, were diagnosed on CTA at 6 and 10 
months postoperative, respectively. 
Three proximal endoleaks sealed spontaneously 
within the first 30 postoperative days. Four patients 
with persistent endoleak were converted to trans- 
abdominal aneurysm repair at a median interval of 12 
(9-14) months while three patients were being ob- 
served at the time of this study (Table 1). Conversion 
was uneventful in all cases. 
Evaluation of methodology 
The median difference between repeated diameter 
measurements was 0.6ram at all selected levels of 
the abdominal aorta. The 95% confidence interval for 
measurement inaccuracy was 0.4-0.8 mm. An increase 
in diameter of more than 0.8 mm was therefore defined 
as "growth" and a decrease of more than 0.8 mm 
defined as "shrinkage". Diameter changes between 
-0.8 and 0.8 mm were defined as "stable". 
Changes at the level of the maximal aneurysm size 
Overall changes at the level of the maximal aneurysm 
diameter are listed in Table 3. There was a peri- 
operative increase in the median maximal aneurysm 
diameter for both the endoleak and the sealed groups 
(p = 0.03 and p<0.01, respectively). 
The median duration between the pre- and the 
postoperative scan was 2.5 (0.7-5.0) months. The me- 
dian perioperative growth was 0.43 ( -  0.42-2.7) ram/ 
month. During subsequent follow-up, a decrease in 
maximal aneurysm diameter was demonstrated (p = 
0.02). This decrease can be attributed entirely to the 
sealed group (p<0.01). In this group 13 aneurysms 
showed shrinkage of more than 0.8 mm and six an- 
eurysms stabilised. The median shrinkage rate was 
0.41 mm per month (Fig. 1). The three temporary en- 
doleaks described in this study all sealed within 30 
days after implantation. Two aneurysms demonstrated 
shrinkage and another aneurysm stabilised during 
follow-up. 
In the endoleak group an increase in maximal an- 
eurysm diameter was found during follow-up (p-- 
0.03). In this group, growth of more than 0.8 mm 
was found in all seven aneurysms after onset of the 
endoleaks (Fig. 2). The median expansion rate was 
0.30 (0.10-1.9) mm per month. The two aneurysms 
with a late endoleak started shrinking after initial 
successful treatment, These changes in size were re- 
versed after onset of the late leaks. (Patient A: 41.6 mm 
postoperative to31.2 mm at 6 months, to 42.3 mm at 12 
months. Patient B: 51.5 mm postoperative to 50.0 mm at 
10 months, to 50.9 mm at 13 months.) A statistically 
significant difference in size change distribution was 
demonstrated between the endoleak and the sealed 
group (p<0.001). 
Follow-up CT images at 6 months and 12 months 
were available in 10 patients in the sealed group and 
in six patients in the endoleak group. In the endoleak 
group, an increase in diameter was found between 
discharge and 6 months and between 6 and 12 months 
(p=0.02 and p<0.01, respectively). An ongoing de- 
crease in diameter was demonstrated in the sealed 
group at the same intervals (p =0.03 and p<0.01, re- 
spectively). 
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Table 3. Size changes at the level of maximum aneurysm diameter. 
Sealed n = 19 Endoleak n = 7 Total n = 26 
Median diameter 
(ram; range) 
Preoperative 
Postoperative 
Last scan 
No. of patients 
Growth 
Stable 
Shrinkage 
Median size change 
during follow-up (mm/ 
month) 
49.3 (35.7-61.4) 50.6 (41.9-65.8) 50.0 (35.7-65.8) 
49.7 (37.0-64.0) 52.4 (41.6-68.5) 50.4 (37. ~8.5) 
42.9 (25.0-57.4) 56.6 (42.3-70.4) 44.2 (25.0-70.4) 
0 7 5 
6 0 8 
13 0 13 
-0.41 (-1.0-0.08) +0.16 (0.10-1.9) -0.10 (-1.0-1.9) 
43.1 mm 45.3 mm 30.5 mm 
A B C 
Fig. 1. Example of a completely sealed aneurysm after TEAM: 
diameters at the level of the maximal aneurysm size on the pre- 
operative (A), the postoperative (B) and the 1-year follow-up CT 
scan (C). 
65.8 mm 68.5 mm 70.4 mm 
A B C 
Fig. 2. Example of an aneurysm showing persistent endoleak after 
TEAM: diameters at the level of the maximal aneurysm size on the 
preoperative (A), the postoperative (B)and the 1-year follow-up CT 
scan (C). The endograft can be identified by the two bright dots at 
1 and 7 h on the contrast-enhanced lumen, caused by the platinum 
markers. 
follow-up for the sealed and endoleak group are il- 
lustrated in Fig. 3. 
In a group of four patients with both 12 and 24 
months' follow-up CTs, the median shrinkage between 
12 and 24 months after TEAM was 3% (0-6%) of the 
total shrinkage. 
Changes in diameter at the level of the coeliac trunk, the 
superior and the inferior aneurysm neck 
The median aortic diameters at the level of the coeliac 
trunk and the superior and inferior aneurysm neck 
are listed in Table 4. Data were complete in 23 of 26 
patients. There was no significant size change in aortic 
diameter at the level of the coeliac trunk, comparing 
the preoperative scan to the last scan. A statistically 
non-significant i crease of the superior aneurysm neck 
was noted during follow-up for both the endoleak and 
the sealed group. This increase was also found at the 
level of the inferior aneurysm neck. The size change 
at this level was statistically significant (p = 0.02). Seven 
of 22 patients had a growing inferior aneurysm neck 
when regarding size changes up to 0.8 mm as "stable". 
The median preoperative aortic diameter in the 
endoleak group was larger at all levels compared to 
the sealed group. A statistically significant difference 
was found only at the level of the inferior aneurysm 
neck (p = 0.04). 
In the patients of the sealed group, the median 
percentage of total shrinkage per period was 79% 
(46-98%) during the first 6 months and 11% (2-54%) 
during the second 6 months. The size changes during 
Discussion 
Results of prospective, randomised studies on TEAM 
versus transabdominal aneurysm surgery are currently 
unavailable. 8 In order to justify the increasing number 
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Fig. 3. Median preoperative (preop.), postoperative (postop.) 6 months and 12 months diameters of the aortic aneurysm. The Y axis 
represents he minimal outer aortic diameter at the level of the maximum aneurysm size in millimetres. ( - -  ~ --)  endoleaks, n = 6; ( [] ), 
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Table 4. Median diameters (mm, range) at the level of the coeliac trunk and the superior 
and inferior aneurysm neck: perioperative and follow-up measurements. 
Sealed n = 17 Endoleak n= 6 Total n = 23 
Coeliac trunk 
Preoperative 25.1 (20.1-29.6) 26.9 (23.8-28.1) 25.7 (20.1-29.6) 
Postoperative 25.2 (19.2-28.6) 26.4 (21.9-28.2) 25.5 (19.2-28.6) 
Last scan 25.4 (19.9-29.9) 26.5 (21.3-27.6) 25.9 (19.9-29.9) 
Superior neck 
Preoperative 22.2 (18.1-26.6) 23.6 (23.8-27.4) 22.8 (18.1-27.4) 
Postoperative 21.9 (19.1-27.4) 23.3 (22.4-32.6) 23.1 (19.1-32.6) 
Last scan 22.6 (17.9-27.3) 24.6 (22.2-36.5) 23.4 (17.9-36.5) 
Inferior neck 
Preoperative 20.4 (17.2-27.1) 25.3 (21.0-27.3) 21.7 (17.2-27.3) 
Postoperative 20.5 (17.9-27.4) 24.8 (22.1-26.6) 22.5 (17.9-27.4) 
Last scan 21.7 (17.2-28.3) 25.1 (22.3-25.7) 22.6 (17.2-28.3) 
of pat ients  t reated by  TEAM, the morta l i ty  rate shou ld  
not  exceed the estab l ished morta l i ty  rate of the trans-  
abdomina l  approach.  The imp lantat ion  of the en- 
doprosthes is  has to be feasible in the major i ty  of the 
pat ients  that meet  the inc lus ion criteria of TEAM, 
and fo l low-up data must  indicate the eff icacy of this 
procedure .  
The per ioperat ive  morta l i ty  rate for elect ive ab- 
domina l  aneurysm repair  has been documented  ex- 
tensively. A l though morta l i ty  rates lower  than 3% have 
been repor ted  by  single centre exper iences,  9 mult i -  
centre studies demonst ra ted  overal l  mor ta l i ty  rates of 
4.8-7.5o/0.1°-13 In three out  of six reports  on endovascu lar  
aneurysm surgery  that inc luded more  than 25 pat ients  
each, the per ioperat ive  mor ta l i ty  rate was  0%. 2-4 The 
remaining studies had mortal i ty  rates of 3.2% (1/31), 5 
3.7% (2/53) 6 and 8% (4/50). 7 An  init ial  success rate 
exceeding 80% was  repor ted  in all six pat ient  groups.  
A l though these studies have demonst ra ted  feas- 
ibi l i ty of TEAM and indicate favourab le  morta l i ty  rates 
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compared to the transabdominal approach, the long- 
term efficacy of TEAM remains unproven. The ultimate 
proof of efficacy will be the absence of rupture of the 
abdominal aorta. Because at this moment follow-up is 
limited to 3.5 years, 7the ability of TEAM to prevent 
aneurysm rupture has to be derived from dem- 
onstrating complete xclusion of the abdominal an- 
eurysm from the arterial circulation. This complete 
exclusion can be d fined as stabilisation or reduction 
of the aneurysm size in the absence of endoleak. Three 
cases of rupture of abdominal aneurysms after TEAM 
have been reported using other devices, all associated 
with endoleak. TM
This study demonstrates that a persistent endoleak is
associated with further increase in maximal aneurysm 
diameter, indicating failure of aneurysm exclusion. 
The median expansion rate of the endoleak group 
was 0.30 (0.10-1.9) mm/month. Expansion rates of 
untreated aneurysms of comparable size are reported 
to be 0.35-0.46 mm per month, ls-17 This suggests that 
no beneficial effect of the endoprosthesis implantation 
can be expected for patients with persistent endoleak. 
Spontaneous closure of an endoleak is unlikely to 
occur beyond 6months after implantation.l"2"4 Endoleak 
persisting after this period or endoleak that is as- 
sociated with expansion of the aneurysm should be 
considered an indication for reintervention. One 
should not hesitate to consider conversion to tran- 
sabdominal aneurysm repair as the option of first 
choice, because the narrow margins between the renal 
arteries and the beginning of a tube graft, and between 
the end of the graft and the aortic bifurcation, may 
impede the introduction ofa covering stent hat should 
extend beyond the upper and lower ends of the graft. 
Successful aneurysm exclusion was achieved after 
implantation of a Tube Endograft in all cases in the 
absence of a persistent endoleak. Shrinkage appeared 
to continue up to 24 months after implantation, al- 
though the bulk of this process occurs during the first 
6 months. Another interesting finding was an extensive 
to complete circular calcification of the outer aneurysm 
wall at the level of maximal aneurysm diameter in 
four out of six aneurysms in the sealed group that did 
not shrink after operation. This finding was noted 
only twice in the group of 13 aneurysms that started 
shrinking, which suggests that extensive calcification 
of the aneurysm may prevent size reduction after 
successful TEAM (Fig. 4). Statistically significant 
growth between the preoperative and the post- 
operative CT scan occurred at the level of the maximal 
aneurysm size in both the endoleak and in the sealed 
group. The median perioperative growth in this study 
was 0.43 (-0.42-2.7) mm/month. Although the peri- 
operative growth could therefore be explained by 
Fig. 4. Example of a completely excluded aneurysm sac after TEAM, 
showing circular calcification in the outer aortic wall. The maximum 
diameter of the aneurysm remained unchanged during a 2-year 
follow-up. 
natural expansion of the abdominal aneurysm, the 
influence of TEAM-related factors may also contribute 
to perioperative dilation. Further investigation f these 
factors, such as events accompanying the thrombosis 
of the aneurysm sac, is required. 
A major concern egarding the long-term follow-up 
of TEAM is ongoing dilation of the aorta at the level 
of the proximal and distal attachment systems. The- 
oretically, this may lead to late endoleak and migration 
of the endoprosthesis. Follow-up studies after tran- 
sabdominal aneurysm surgery have reported de- 
velopment of aortic aneurysms proximal to a previous 
infrarenal aortic aneurysm repair in 3-8% of their 
patient populations. This may be an underestimation, 
because follow-up with an adequate imaging protocol 
after infrarenal aneurysm repair has not been re- 
portedJ 8 A non-significant growth at the level of the 
superior aneurysm neck was found in this study. 
However, the inferior aneurysm neck showed a stat- 
istically significant tendency to expand uring follow- 
up. The inferior aneurysm neck demands pecial at- 
tention during follow-up of TEAM with a tube en- 
doprosthesis, because the region of the inferior neck 
appeared responsible for five of the seven persistent 
endoleaks. Patients with a persistent endoleak had 
a statistically significant larger preoperative inferior 
aneurysm neck, and both of the two late endoleaks 
originated from the inferior attachment systems. Fur- 
thermore, continuing expansion of the distal neck after 
successful endovascular neurysm exclusion was also 
mentioned in a previous report on a study of com- 
parable design. 19 
The computer-guided measurement of aorta dia- 
meters on axial contrast-enhanced CT slices is an 
accurate method to investigate changes at the level of 
the maximal aneurysm size after TEAM. The effects ~
of TEAM on the superior and inferior aneurysm neck 
Eur J Vasc Endovasc Surg Vol 14, August 1997 
90 I .A .M. J .  Broeders et al. 
should preferably be investigated by a more refined 
method. The changes are subtle and measurements 
have to be performed at exactly similar levels because 
of the short length of the necks and the conical, non- 
circular shape of the most distal end of the aorta. 
Currently, CT angiography with image processing on 
a dedicated workstation appears to be the most suitable 
technique for this purpose. 2° 
In conclusion, the results of this study demonstrate 
the efficacy of TEAM in discontinuing the process of 
aneurysm expansion when complete xclusion of the 
aneurysm sac is accomplished. Shrinkage of an ab- 
dominal aneurysm is an encouraging indicator that 
TEAM will prevent rupture, although the results of 
long-term clinical trials will be required to confirm the 
long-term efficacy of endovascular abdominal aortic 
aneurysm surgery. 
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